ABSTRACT This study describes the clinical experience with four patients with variant angina caused by spasm of the right coronary artery who were assessed for evidence of right ventricular involvement. The patients were suspected of having predominant right ventricular ischemia on the basis of normal thallium-201 scans, left ventricular ejection fraction, regional wall motion assessed by equilibrium radionuclide angiography (RNA), two-dimensional have demonstrated the existence of predominant right ventricular infarction. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] We describe the clinical features of four patients with Prinzmetal's angina characterized by ST segment elevation in the inferior leads caused by spasm of the right coronary artery (RCA) and evidence of predominant right ventricular impairment.
CORONARY VASOSPASM is a well-recognized cause of transient ischemia at rest.1'' Correlation among clinical, electrocardiographic, and angiographic findings has demonstrated that the clinical spectrum of this syndrome is polymorphic and widely variable. 2 Radioisotopic,3`' echocardiographic,6 7 and hemodynamicl 9 studies have characterized the patterns of left ventricular perfusion and wall motion abnormalities during resting angina. At present, few data on right ventricular involvement during vasospastic angina are available and are strictly confined to hemodynamic monitoring performed in patients with frequent ischemic attacks at rest.8
In the past few years, great interest has arisen about right ventricular involvement in the course of acute inferior myocardial infarction, and several authors have demonstrated the existence of predominant right ventricular infarction. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] We describe the clinical features of four patients with Prinzmetal's angina characterized by ST segment elevation in the inferior leads caused by spasm of the right coronary artery (RCA) and evidence of predominant right ventricular impairment.
Methods
Patients. From July 1982 to July 1983, 131 patients with diagnoses of unstable angina at rest were admitted to our coronary care unit. Thirty-three were diagnosed as having a variant form of angina. Fourteen of 33 showed ST segment elevation in the inferior leads during typical attacks at rest. Among them, four men (ages 55 to 61 years) are the subjects of this study. The criteria for selection were (1) episodes of variant angina of short duration (less than 5 min) (2) angiographically documented dominant RCA, (3) no clinical evidence of previous myocardial infarction, and (4) positive results of ergonovine provocative testing and fast resolution of the ischemic episode after nitrate administration. For comparison with the findings in this group of patients with evidence of predominant right ventricular impairment, this report also includes the findings of four additional patients selected on the basis of the above criteria but with evident left ventricular dysfunction.
PATHOPHYSIOLOGY AND NATURAL HISTORY-RIGHT VENTRICULAR ISCHEMIA
Exercise tolerance was assessed in all patients by the bicycle stress test. Frequent blood samples for creatine kinase MB analysis and daily basal 12-lead electrocardiograms (ECGs) were obtained to monitor the possibility of acute myocardial infarction during hospitalization. Long-acting nitrates were discontinued 12 hr before each study, and nitroglycerin was allowed in case of anginal attacks. No other drug was used during the study period. All was chosen to obtain the best right ventricular view. Right ventricular ejection fraction was computed by the generated time-activity curves. 26 Two-dimensional echocardiograms (Aloka SSD-800 electronic sector scan) were obtained in control conditions and during ischemia at the time of the radioisotopic procedures. In two cases the subcostal four-chamber view was monitored during the first-pass radionuclide study, while in the other two the parasternal short-axis approach was recorded during thallium-201 scintigraphic examination. Images were recorded on videotape and analyzed by two independent observers unaware of the clinical history.
In all scintigraphic and echocardiographic studies, nine-lead ECGs (standards, V2. V4, and V6) obtained every minute and arterial blood pressure (cuff manometer) measured every 2 min also provided evaluation of the pressure rate products (PRPs) at basal conditions and during ischemia.
Results
Clinical indexes of myocardial function, are also affected by changes in preload, afterload, and ventricular stiffness as well as by changes in contractility.3' -1 In addition, these parameters are indexes of global function, which in turn depends on left ventricular, right ventricular, and interventricular septal performance.3"35 The complex relationship between the two ventricles may be responsible for right ventricular dysfunction secondary to left ventricular ischemia but also for a masked left ventricular impairment in the presence of concomitant right ventricular dysfunction, which prevents adequate left ventricular filling. Although we used all available noninvasive techniques to assess regional left ventricular function, these possibilities cannot be comnpletely ruled out in our patients with evidence of right ventricular dysfunction.
Contrast left ventriculography could allow better detection of segmental left ventricular wall motion abnormalities; however, this technique could not be applied in our protocol because of the very short duration of the ischemic episodes and the concomitant interest in assessing presence and location of the coronary spasm.
Transient right ventricular ischemia and infarction.
Isner and Roberts'3 showed in a series of postmortem subjects with acute or healed myocardial infarction that right ventricular infarction was frequently associated with posterior left ventricular wall and interventricular septal infarction. Furthermore, a large area of right ventricular necrosis was observed when the RCA narrowing was proximal, involving the conus branch that supplies a large portion of the right ventricle. In our study, none of the four patients with evidence of right ventricular impairment during ischemia showed septal and posterior left ventricular involvement as assessed by the above techniques. Right ventricular dysfunction also appeared to be severe in two patients with coronary spasm involving the middle portion of the RCA. Differences in coronary anatomic distribution and collaterals as well as different mechanisms inducing flow impairment may have caused the apparent discrepancies between the necropsy findings and our data. Interestingly, in the two patients with incomplete spasm of the middle RCA, the vasoconstriction involved or was close to the origin of the main right ventricular branches while the distal portion of the RCA appeared to patients had critical stenosis of the left coronary arterial system, otherwise present in a large extent in the postmortem subjects. '3 Furthermore, the right ventricular hemodynamic findings observed in three of these patients suggest that the early acute manifestation of transient right ventricular ischemia may be characterized by a different hemodynamic pattern with respect to the typical picture described for acute right ventricular infarction. Cohn et al. '°have recognized a syndrome of hypotension and low cardiac output in association with right ventricular infarction and attributed this to inadequate left ventricular filling. In our patients, the obvious increase of right ventricular end-diastolic pressure with the onset of the ST segment displacement on the ECG was associated with a slight increase in right ventricular systolic pressure and with normal left ventricular end-diastolic pressure. No arterial hypotension related to ischemia was observed in these patients, both during hemodynamic monitoring and in the coronary care unit. Thus left ventricular filling and cardiac output were probably adequate in these patients during ischemia.
The clinical syndrome we evaluated in this study (i.e., the vasospastic occlusion of the RCA) could represent a useful model for understanding the role of each ventricle and the possible sequence of the events in acute infarction involving the right ventricle. However, the very short duration of our observation period and the lack of information on the hemodynamic pattern in the early phase of irreversible right ventricular injury prevent any proper connection between RCA vasospasm and the acute phase of right ventricular infarction.
Clinical implications. In the last few years some authors have demonstrated stress-induced right ventricular ischemia in patients with coronary artery disease by scintigraphic evaluation of left and right ventricular ejection fraction.30 36 Our preliminary data suggest the possibility of a predominant right ventricular ischemia of vasospastic origin. 
